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FuRh'WORD 

(Prepared by EG&G Idaho, Inc.; 

The overall objectives for the tasks discussed in this 

document were recommended by the 'l'f.II-2 Examination 

Planning Group 7.2. The Planning Group was formed to 

study the unique data available as a result of the March, 

1979 accident, and provide recommendations on data 

acquisition. The results of the study were divided i�to 

five major phases� before head removal, before plenum 

removal, and before, during and after fuel removal. The 

completed Planning Group report was subsequently published 

as Section 7.2 of the GEND Planning Report (GEND-001� 

October, 1980). Subsection 3.1 of that report addresses 

data acquisition prior to the removal of the reactor 

vessel head and, in part, forms the planning basis and 

objectives for this document. The overall objective, that 

of providing for an internal inspection of the upper 

reactor vessel (RV) internals and upper fuel assembly end 

fittings with the RV head still in place, is intended to: 

1. Provide information at the earliest possible 

date on the operational conditions to be 

encountered, at least between head removal and 

the initiation of defueling, and poss�bly in 

defueling i\:self. Planning of these evolutions 

must currently cover a broad spectrum of 

potential conditions, and this spectrum can only 

be reduced by actual observation. 

2 .  Provide information to help "benchmark'• the 

range of damage estimates currently in use. The 

damage estimates, in turn, provide input for (1) 
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above. At this stage, the "benchmar!<" would 

consist of damage ass�ssment (e.g�� peak 

temperatures a.nd effects) of upper core 

i:�ternals, extent of fuel assembly "slumping, "  

and distribution/type/size of core debris in the 

upper vessel region. 

3 .  Provide information at the earliest possible 

date on the in-vessel conditions for the 

technical corr�unity. 

To develop the initial scopes of work and preconceptual 

techniques, a working g�oup of technical personnel from 

EG&G Idaho and Babcock & Wilcox was assembled. The group 

reviewed the Planning Group 7 . 2 recommendations, the types 

of iraspection devices applicable, the access routes 

available, and the kinds of information which could be 

extracted. Preliminary work scopes defining those results 

which were considered valuable were then generated. 

Alternative techniques which were of questionable 

feasibility or of high risk were deleted at that point. 

Th e tables and figures attached to this Foreword are 

provided to familiarize the reader with the results of 

this precontract work. Table i, in conjunction with the 

figures, outlines the inspection areas, access routes and 

anticipated information. Table ii briefly reviews 

alternative inspection techniques and the reasons for 

deletion from the work scope. For additional background, 

the reader is referred to Section 7 . 2 of the GEND-001 
report referenced abov e. 
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1. 

2. 

l. 

Inspection Area 

Plenu• Cover (horizontal 
top plate that for•& top 
surface of plenu•l 

Internal Structure of 
Control Rod Guide Tubes 

Botto• end of CROM Lead 
Screws Which Cannot be 
ReiiOved 

4. Fuel Aas��ly Upper 
Structure!! 

4a, Core Region (po•sible, 
probability uncertain) 

5. Internals Vent Valve 

6. Plenu�-to-Co:e Support 
Flan9e 

'fABLE i 

PRE !lEAD RI-:MOVAL IN-VESSEL INSPEC'l'ION 

Access Route (See Fig. i •lor iii 

111 t ypica l  of several locations: 
view is essentially straight down 
or at a sli ght angle. 

12 ' ll; typical of s�veral 
locations; view is essentially 
straight down while descendin9 
longitudinal axis �f tubes. 
Route 13 used in locations wher� 
CRDM lead screw cannot be remove d. 

ll; as required. 

12, 13, ' 14; typical of seve ral 
locations. Route 14 provi des 
access to pe riphe ra! fuel 
as se�lie s whi�h do no t contain 
control elements; route is 
between Plenum Cover oo and 
Plenu� Cylinder ID. 

12' Ill available only if fuel 
assembly upper structure if found 
to be •1ss1ng (i.e., has droppe d) 
into core). 

IS; as available; route between 
Plenu• Cylinder OD and Core 
Support Shield ID. 

IS; typical of several locat i ons. 

Information Anticipated 

Pre sence, siz�. and distribution or debris; if 
debris present, it's indicative of flow paths and 
velocities (size and distribution) in a normally 
low-flow region, �nd potenti�l radiation-field 
problems for head removal. 

Presence of distortion of tube and/or release of 
control rod guide hrazements; indicative of thermal 
distortion of plenum and/or temperatures >2Joo•F 
(braze melting point); input for plenum removal 

task. 

!�formation on probable cause preventing 
•delatching• (fus�d to CR spider, lack of f uel 
asserr.bly upper structlore, jamming); input for both 
head removal and plenum r emoval. 

Evidence of core •sJumpinog,• missing upper 
structure Is), and/or accumulations of debris above 
the upper structures; input Indicative o f flow 
velocities, inff'rence of core da111age severity; input 
for plenum r�moval. 

Camera lowered into core: the only direct-access 
route pcssibl<:>. 

Evidence of ihml'lllng or distortion of vent valve: 
�"�ut tor plf'num rf'moval. 

Evidence o f debris accumulation In flange area, 
inferrence of size and quantity of debrl5 swept 
into outlet no?.7.le5: i nput for plenu� removal and 
later work on primary piping. 
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Figure i. Access routes for pre-head removal in-vessel inspection. 
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1. 

2. 

]. 

Use of Ther.acouple CTCI Flange 
for Optical SysteM Access 

Cut Additional Openinge in 
Reactor Head 

Cut Access Opening in Pri•ary 
Syste• Inlet Piping and •snake• 
CCTV Ca•era into Botto• of 
Pressure Vessel (See Fig. il 

TABLE ii 

IN-VESSEL INSPECTION ALTERNATIVES 

Access diam�ter thus provided is too SMall for co.mercially-available CCTV 
cameras and lights1 borescope, which would fit access diaMeter, is very 
limited in mechanical and visual range, incapable of articulation, and 
could not see fuel assembly upper structure level1 fiber optic syste• is 
not coM•ercialli available for this �ange, environ•ent or radiation level. 

Very li•ited locations available! high radiation fields for workers1 
!�creased manipulative requirements! liMited access to CR gulde tubes and 
fuel a&s�mbly u�pe: sttuctures. 

High risk of CCTV ca•era •hang up• resulting in loss of camera and 
cc�plirating re.aval of vessel internals, view limited to bottom head of 
vessel because ca•era cannot be •anipulatedl opening ir. primary piping 
•ust be •ade with a substantial head of water in the pipe (�45 ftl with 
inherent leak risks and contamination control probleMS! worker location 
is in area of potentially high radia�ion fields. 

1 I 
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1 .  OBJECTIVE AND SUMMARY 

B&W was assigned the task to perform Phase I of the TM I-II 

Reactor Vessel Inspect ion Before Head Removal by Gen�ra l 

Publ i c  Ut i l i ties Serv i ce Corporati on on June 9 ,  1980. The 

de fini t ion of work was outlined in Babcock and Wilcox 

proposal letter B&W/GPU-80-67 dated May 1 ,  1 98 0 .  

1 . 1  Objective 

The obj ective of the task is to provide for an internal 

jospection of the reactor vessel and the fuel as sembl ies 

pr ior to reactor vessel head removal . Because the 

degz:ee of damage to equipment and fuel in the TM I-II  

reactor is not precisely known , it is  important that as 

much informat ion as poss i ble be obtai ned on present 

cond i t ions inside the reactor . Thi s  information will 

serve to benchmark the various analyses al ready 

completed or underway and wi l l  al so guide the 

development of programs to obtain more informati on on 

the TMI-I I core damage . In add i tion , the earl y  look 

w i l l  provide data for planning the reactor d i sassembly 

program. 

The ent i re task is d i v ided into three phases : 1 .  Concep­

tual Development , 2. Detai led Design , 3. Tooling and 

- 1-
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Inspect ion Equ ipment Fabrica tion and Checkout . Thi s  report 

covers the work performed i n  Phase I ,  Conceptual Development . 
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1.2 Summary 

Phase I o f  th i s  task incl uded invest igation and 

conceptual development of designs and procedures for the 

fol low ing areas: 

1. Selection of penetrations 

2. Selection of any necessary secondary boundary 

concepts 

3 ,  Conti ngency access too l i ng 

4 .  Evaluat ion of ava i lable inspection techniques 

5. Evaluat ion of opt ions for mani pu la t i ng surveillance 

equipment 

The fol lowing areas were not incl uded in Phase I, but a 

conceptual study of these areas was performed and it  i s  

recommended that they be incl uded in Phase II . 

1. Plenum cover debr i s  sampl i ng 

2. ( TLD ) Thermoluminescent Dosi meter moni tori ng at various 

heights above the upper grid 

3. Cont i n uous water level moni tori ng during inspection/ 

sampl i ng act i v i ti es 

To concl ude Phase I ,  a more detai led cost est i mate and 

schedule i ncluding these three opti ons for Phases II, 

III was prepared. 
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A summary of the res u l ts of Phase I fol lows . Detai led 

d i scuss ion of each area is covered in the appropri ate 

sec tion of th is  report .  

Penetra t ion Select ion - A detai led ev�luat ion 0f poten t i al 

access points into the reactor vessel upper head area was 

performed . The Control Rod Drive Mechan i sm ( CRDM ) no zz les were 

chosen because of their s i ze and location as the primary access 

point for the inspection equipment ,  sampling equipment , and 

rad iat ion moni toring equ ipment . Cont i ngent upon normal CRDM 

uncoupling procedures , add i tional central l y  located CRDM ( s )  

will  be u t i l i zed as inspect i on access poi nts . The vent valve 

thermocouple nozzles were chosen because of the ir  access i bi l i ty 

and closure only by a bol ted bl ind flange as a primary access 

point  for a possi ble reactor vessel water level ind icat ion 

system and for connection of the reactor vessel head purge 

system. A flow chart  of the penetration procedure is shown in 

Fi gure 1 . 2- 1 .  

Secondary Boundaries - An eval uation was made concerning the 

necessity of secondary boundaries such as glove boxes and 

gl and seals for the different accesses . A current assessment 

of expected rad i ation levels i nside the reactor vessel has 

been performed . Further analysis is required to determine 

the effects of pl ateout and potential airborne activi ty 

inside the drained vessel head , however , it is estimated that 
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secondary boundaries wi ll not be req u i red prov ided tha t  the 

fol lowing precautions are taken: 

1. Prior to any work tha t  breaches the integri ty of the 

vesse l ,  an adequate purge sys tem i s  established such that 

there would be a cont i nuous "in flow" of outside ai r 

through any "working" penetrations preventing escape of 

any part i culate or gaseous acti vity . 

2 .  Upon removal of each CRDM, an empty motor tube is placed 

in posi t ion and bol ted on the CRDM nozz le to prov ide a 

rad i olog i cal boundary and to serve as a guide tube for 

the inspection and sampling equ ipment . After access to a 

particular CRDM noz zle is not longer necessary, the empty motor 

tube may be replaced wi th a bl ind flange . 

Cont.ingency Tool i ng - In t.he event of unsuccess ful uncoupl i ng 

and removal of the CRDM v ia normal procedures , cont ingency 

tool ing wi l l  be necessary to uncouple and remove the CRDM by 

abnormal means . A flow chart  showing the recommended 

sequence of events for uncoupl i ng and removal of a CRDM after 

stator removal is shown in Figure 1 . 2- 2  and 1 . 2-3 .  The tooli ng 

required for abnormal removal is l isted i n  Table 2 .3-3. The 

recommended procedure for abnormal removal of a CRDM is as 

follows: 

1. Establ ish necessary radiolog ical controls. 

2 .  Cut access into service support s tructure adjacent to 

CRDM to be removed . 

3. Cut the motor tube and leadscrew at a selected location. 

'j 
1 
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4. Li ft off upper cut sect ion �f the CRDM and move to the 

laydown area . 

5. Unbolt the flange assembl y .  Force bol ts if necessary. 

6. Lift off lower motor tube section w i th a l i fting tool 

and move to the laydown area . 

7 .  Install the lead screw push/pu ll tool and leadscrew 

l i f t i ng tool . Apply force necessary to separate the 

lead screw, l i ft leadscrew, and move to the laydown area . 

I f  the lead screw is highly rad ioactive ,  it should be 

moved to a shielded area such as the deep end of the 

re fuel ing canal . 

8 .  Pos i t ion an empty motor tube on the CRDM nozzle and seal . 

9. Wi th a CRDM removed, an ad j acent CRDM which wi ll n0t 

uncouple can be removed by sever ing the leadscrew below 

the leadscrew support and unbol ting the nozzle flange . 

I f  d i f f i cul ties are encountered with unbol t ing the vent valve 

thermocouple noz zle flange , tool ing capable of forcing or 

breaki ng the bolts wi ll be required . 

Inspection Technique - For the internal vessel inspection , 

both ul trasoni cs and video technology were reviewed and 

compared . In this comparison the video systems proved 

superior to ul trasonic system both in res u l ts and cost . The 

video systems g ive real-time resul ts, need no posi tive 
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pc,si tion control , can inspect a greater ar-�a at one ti me ,  

g i ve more interpretat ive resul ts ( such as shadow effects and 

su r�ace features ) and are of a proven des ign .  The onl y  real 

advantage that the ul trasonic system would have is i ts 

ab i l ity to prov ide imag ing in murky water� The problems 

associ ated w i th murky water can be overcome to some degree 

with a properly mod if ied video system. Three ideas to 

compensate for murky water condi tions were tested . The most 

successful system w i l l  al low viewing of single objects at a 

d i stance up to approx imately one foot . The sys tem uses a clear 

plastic  "bag" whi ch is slipped over the front of the camera and 

inflated with clear water i n .  

Manipulators - Various conceptual des i gns were developed for 

use wi th the i nspection and lighting equipment . These 

concepts use the thermocouple and CRDM no zz le as penetrations . 

These manipulators are manual ly operated and can be 

control led from the top of the service support structure . 

Al so, a conceptual design was developed for the optional 

samp l i ng system. 
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Lower Wate r Level . 
Es tabl ish Radiolog ical 

Control s Incl ud ing 
Reactor Vessel Head 

Vacuum Through 
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! 
Insta l l  Water Level 
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� 1 

Remove At Least Es tabl i sh Add i t ional 
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Procedures Use Abnorma�- Removal 
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normal Adjacent CRDM's 

, 
I nstal l Cameras 
Lights , Manipula tors , 
and Swipe Sampl ing 
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I 
• 

Secure Accesses j 
FIGURE 1.2-1 - Genera l  Approach 
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Remove Position 
Indicator And 
Stator Assembly 

Vent CRDM And 
Remove Top Closure 

Uncouple Leadscrew 
Norma l And Al ternate 

Procedure 

normal alternate 

_! r-
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e
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_
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e __ C

_
R

_
D
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M
--� alterna te 
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Cut Service 
Struct ure 
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Cut CRDM 

Remove CRDM 
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normal 

Remove Lower 

_alternate 

' 

I Force J Bol ts 

Section Of ._ 
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• 
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Separator To 
Remove Leadscrew 

FIGURE 1.2-2 Contingency Procedure For First CRDM Removal 
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Remove Position 
Indicator And 
Stator Assembly 

! 
Vent CRDM And 

Remove Top Closure 

l 
Uncouple Leadscrew 

Norma l And 
Al ternate Procedure 

alternate 

normal 

• 

Cut Leadscrew 
From Adjacent 
CRDM Nozzle 

Remove CRDM .��----------� 
Fl ange Bo lts 

�lt-�rn:�t-,. 

normal 
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FIGURE 1.2-3 Contingency Procedure For Adjacent CRDM Removal 



2 .  DISCUSS ION 

2 . 1  Penetra tion Selection 

A detai led access eval uation of the potential access 

poi nts into the reactor vessel was performea . The 

evaluat ion was l imited to access points into the upper 

head of the reactor vesse l .  

The primary obj ectives consi dered in performing the 

access evaluation are: 

1 .  Al low access for manipulated inspection equ ipment 

includ ing aux i l i ary l ighting . 

2 .  Al low access for attachment of a reactor vessel head 

purge system to provide an i nflow of a ir through all  

other penetration .  

Opt ional obj ectives were al so considered in per forming 

the access eva l uation and are :  

1 .  Al low access for primary water level sensing 

equipment .  

2. Al low access for radiation moni tori ng equipment .  

3. Allow access for samp l i ng equipment .  

For each of these objectives , cr i teria were establ i shed 

as a basi s  for penetrati on selection .  Each of these 

cr i teria is l i s ted below: 

1 .  Manipulated inspection equipment must  be capable of 

viewing the following areas as a minimum: 

- 11 -
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a .  General area in the upper head incl uding the 

plenum cover and control rod guidP. tubes . 

b .  Inside the plenum between the plenum wall and 

control guide tube down to and i ncl ud i ng the 

upper grid assembly in one quadrant of the 

vesse l .  

c .  Outs ide the plenum cyl inder and inside the oore 

support sh ield at one location .  

d .  Vert ically down through a control r od  guide 

brazement to the top of the fuel assembly .  

2. The reactor vessel head Pl'rge system must be 

attached to a head penetration such that a 

continuous •ai r  in-flow• is moni tored through the 

working penetrations at all times . 

3. The primary water level sensing system moni tors the 

primary water level d i rectly through a penetration 

(Opt ional ) .  

4 The radiation moni toring equipment must be lowered 

through the head down to the upper grid to provide a 

•map• of internal radiation levels (Optional ) .  

s. The sampl i ng equipment must be capable of 

collecting swipe samples from the plenum cover . 



- 13 -

Three penetrat ion locations in the upper head were 

considered for each �bj ective . These penetrations are 

the CRDM vessel nozzle , the vent valve thermocouple 

noz zl e ,  and a special hole cut through the reactor 

vessel head . 

A new hole cut through the head was considered as an 

option in the event of unsuccessful access at tempts 

through the other penetration location .  The drawbacks 

of such a cut are d iscussed in Chapter 2. 3 and it is no t 

considered a viable option at th is  point . Emphas is was 

placed on conceptual development of contingency tool i ng 

requ ired for gai n i ng access through the CRDM nozz les and 

vent valve thermocouple noz zles . 

The CRDM nozz les have a 2. 765• inside diameter and are 

considered the first choice penetration location for the 

fol lowing equ ipment :  

1. Inspection equipment 

2. Sampl i ng equipment (Opt iona l ) 

3 .  kad iation measuring equi pment ( Optional ) 

; 
' 



- 14 -

For inspection equipment, 1 2  pri mary locat ions on the 

periphery as shown in Figure 2 . 1- 1  are chos�n for the 

fol lowing reason s :  

1 .  Provides minimum offset requ i red to lower inspection 

probes past the plenum cover and i n to the plenum. 

2 .  Prov ides mini mum offset requ ired to lower inspection 

probes between the pl enum cyl inder and core support 

sh ield . 

3. Access down the per i phery of the plenum will  al low 

view ing the max i mum number of fuel as sembli es . 

4. In the even t of unsuccessful lead screw nn�oupling 

and CRDM remova l ,  these CRDM's are accessible by 

cut ting through the service support structure wal l .  

Access through any one of these 1 2  locations would, w i th 

the equipment provided, ensure access to any CRDM loca tion 

by successively removi ng adjacent assembl i es i f  necessary . 

Add i t ional l y, cont i ngent upon normal CRDM uncoupl i ng 

methods, centra l ly located CRDM (s ) wi l l  be uti l i zed a s  

access points for inspection . 

Up to three CRDM nozzles in one quadrant wi l l  be required 

to perform al l of the recommended inspections,  optional 

sampl ing, and moni tori ng procedures . Sampl i ng equipmen t ,  

radiat ion measuring equipment, and inspection devices can 

be inserted through these penetrations as wel l  
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as CRDM nozz les closer to the pat tern center if CRDM removal 

does not requi re motor tube cutting . The normal procedures for 

removal of a CRDM are out l ined in Append ix  I .  

The vent valve thermocouple noz zles have a 0 . 614" inside 

d i ameter and are cons i dered the first choice penetrat ion 

locat ion for the fol lowing equipment :  

1 .  Reactor vessel head purge system 

2. Ptimary water level i nd i ca tion system ( Optional ) 

The vent valve thermocouple no zzle shown in Figure 2. 1-2 

is the best penetration location for these prerequ i s i te 

systems because they are acces s i ble outs ide the service 

support struct1re and are closed onl y  by a bol ted bl ind 

flange . With appropriate rad iolog ical control s ,  these 

systems can be establ i shed at the thermocoup le nozzles 

after head venti ng but prior to breaching a CRDM with mini mum 

man-rem exposure.  
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THERMOCOlPLE NOZZLE 

l/4 PIPE TAP 

118 DIA I-DLE THRU 

El.IND FLANGE 

3/4 HEX HEAD 80L. T 
114 �T PIPE PLUG 

. 614 DIA 

Figure 2 . 1-2 THE IMXXllPLE N:lZZL.E ASSEMBL. y 
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2.2 Secondary Boundary 

The necess i ty of secondary boundaries su ch as glove 

boxes and gland seals for the accesses to be used has 

been eval ua ted . Th is assessment ha s been based on two 

assumpt ions: 

1. Prior to any work tha t breaches the integri ty of the 

vesse l ,  a purge would be establ i shed in the reactor 

vessel head such that there would be a cont i nuous 

" i n flow" through any open penetrations preventing 

the re lease of any par t i culate or gaseous ac t i v i ty .  

2. Upon removal of each CRDM , a guide tube simi lar to an 

empty motor tube is placed in pos i t ion and bol ted on 

the CRDM noz z le to provide a radiological bound ary 

when the penetrat ion is not in use and to serve as a 

guide tube for the inspection equipment .  After access 

to a part icular CRDM nozzle is no longer necessary, 

the empty motor tube may be replaced wi th a blind 

flange. 

A conceputal design of a purge system to be used is shown 

in Figure 2 . 2 -1 . Th i s  system requires the lowering of the 

primary water level to a point below the bottom of the 

vent valve thermocouple nozzle, its suction point. 

Current estimates of radiation levels inside the reactor 

vessel are as follows: 



- 19 -

1 .  Inside the reactor vessel head near the top,  

assuming a max imum contribut ion by the noble gas 

inventory, 300-500 R/hr is expected before purge . 

2 .  Ins ide the reactor vessel head near the top , 

assuming no contribut ion of gaseous activity,  

1 00-300 R/hr i s  expected after purge or if  no noble 

gases are encountered . 

Assuming a worst case es timated rad iat ion level , ins ide 

the reactor vessel head near the top , of 500 R/hr : the 

rad iat ion level at the top of an empty motor tube due to 

streaming i s  estimated to be 2-3R. 

Genera l area rad iat ion leve l s  on the working platform of 

the serv ice structure due to sources inside and outside 

the primary system are estimated to be 500-700 mR/hr 

unsh ielded . 

These es�imates do not account for any possi ble plateout 

of rad ioactive materials on the reactor internal surfaces 

or potential  ai rborne part i culate activity that  could be 

produced during drying of the drai ned upper head reg ion . 

The airborne parti culate contri bution will be removed 

once the purge system becomes opera t ional .  
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Further ana lyses are requ i red to de termine the gas 

prod uct ion rate resu l t i ng from the possi ble release of 

bubbles or ig inating within the vessel and the effects of 

plateout and potential a i rborne part icul ates . These 

ana lyses are necessary to con<�l us i vely determine the 

adequacy of a purge system in prevent ing a release of 

par t i culate and gaseous activity thro ugh open 

penetrat ions . 
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2 . 3  Contingency Tooling 

An evaluation was per formed to assess the potential  

problems in obta ining access into the reactor vessel by 

unbolting ex isting flanges. Conti ngency tool ing has 

been ident i f i ed which wi ll be necessary as a backup 

method for ga ining access th rough these ex ist ing 

flanges . Add i tiona l l y ,  the cut ting of a special hole in 

the rea ctor vessel head was evaluated . 

Cont i ngency tool ing and proced ures have been conceptua l l y  

developed for use in the even t o f  unsuccessful lead screw 

uncoupl ing,  CRDM remova l ,  or vent va lve thermocouple 

nozzle bl ind flange removal .  

In developing this al terna te procedure , the 

properties of the CRDM were considered and are out l ined 

i n  Fi gure s  2 . 3-1 and 2 . 3- 2o 

Therm<?couple Bl i nd Flange - The thermocouple bl ind 

f lange i s  secured by four 3/4" d iameter bol ts . Should 

they fai l  to come free using standard procedures and 

tool i ng a larger wrench wi ll be uti l i zed to apply more 

torque . If the bol ts are st i ll frozen they wil l  be cut 
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off . Tool ing design and development would be minimal due 

to the access ibi l i ty of the flange. 

� - Standard tool ing and procedures for leadscrew 

uncoupl ing and CRDM removal may prove to be inadequate 

d ue to condi t ions imposed during and si nce the TMI-II 

inciden t .  Possible compl i cating cond i tions considered 

are : 

1 .  Corrosion of bolts and fi tt ings 

2. Mel t i ng/fusing of l eadscrew to the control rod 

spider 

3 .  Warpage of leadscrew or CRDM d ue to thermal 

stresses . 

4. Mel ting or warpage of the qu ide tu be bra zements . 

It  has been estimated that the leadscrews in  the peripheral 

CRDM's experi ence a minimum of lsoo•F for a period of 

approxima te ly one hour before bei ng quenched . Al though thi s  

b y  itse l f  would not have signi f i cant ly changed the 

metal l urigi cal properties of any of the key components , i t  

could have been sufficient to cause degree of warpage . I f  

the temperature reached as high a s  21oo•F, the rod guide 

brazements could have begun to melt . It  is possi ble that  

the male coup l i ng on the end of the leadscrew assembly was 

fused or deformed and will not uncouple from the spider . 

Some degradati on of both components i s  expected d ue to the 
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ini t ial thermal grad ients and subsequent environment . 

An al ternate procedure for removi ng a CRDM is out l i ned 

in Figures 1 . 2-2 and 1 . 2-3.  A l i st of tool ing which was 

considered i s  l i sted in Tabl e 2 . 3-3 . The PI is attached 

at the bot tom by a single stud and nut and at the top by 

a clamp .  Should these fa il to come off uti liz ing 

standard proced ures and tool ing , they could be broken 

off , e i ther by prying or d i rect l i fting wi th a strong 

puller . The stator should then be li fted off , usi ng 

ei ther the standard tool or a heav ier vers ion ( see Fig ure 

2 . 3-4 ) which grabs it at the bottom and is able to exert 

much more l i fting force . In the unl ikely event that the 

stator st i l l  fai l s  to l i f t  off , it may be bypassed by 

using a double offset flange bol t removal tool ( Figure 

2 . 3-5 ) speci f i cally des igned for that purpose . 

An access hole would now be cut in the serv i ce structure 

as shown in  Figure 2 . 3-6 . Thi s  is not a stress rel i eved 

structure.  The s tructural aspects of cutti ng such an 

openi ng have been eval uated and no strength or stabi l ity 

problems would ex i s t .  The material i s  3/4" carbon steel 

' 

! 
i 
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and woul d lend i tsel f qui te well to gas torch or 

abrasive d i sc cutting . Both of these methods would be 

both fas t and relatively easy, but the potential 

ai rborne contami nation is  considered undes i rabl e .  A 

power reciprocat i ng hacksaw would reduce potential 

ai rborne contaminat ion but would take much long er to 

cut . 

Once an access hole i s  establ ished, the motor tube and 

leadscrew could be cu t .  Two possi ble cut locations have 

been identi fi ed . The upper cut locat ion i s  between the 

top of the rotor assembly and the bottom of the torque 

tube assembly . The lower cut location i s  between the 

bottom of the rotor assembly and the top of the thermal 

barrier assembly . 

The upper cut location has the fol lowing advantages over 

the l ower cut location: 

1. Th inner motor tube wall, 0.3" versus o. s• 

2. More leadscrew would be e xposed, 2' versus 6" 

3. Rotor assembly would require anchori ng or capturi ng 

before cut section could be l i f ted away . 

A d isadvantage of the upper cut locat ion i s  that the 

s tator must f i rs t  be removed or cut .  
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Poss i ble cut ting method s are shown in Figures 2.4-7 and 

2.3-8. Cutters considered are power reciprocating 

hacksaw, power handsaw, and abras ive disc. As wi th the 

serv ice structure cut , the abrasive d i sc is expected to 

be the qu ickes t and ea s i est method, wi th ai rborne 

contaminat ion again a concern. A power band saw or 

hacksaw would reduce the potent ial ai rborne contamination 

bu t the work hardening of the metal s must be considered . 

After the cut is complete ,  the upper port ion would be 

carried to a designated lay down area . The flange bol t s  

would then be loosened us ing appropriate tool ing . 

Al though it  is  assumed that the torque necessary to strip 

the thread s can be genera ted by the special tool ing , 

cutting or breaking of the bol ts may be requi red . The 

remainder of the CRDM would then be removed . 

At t h i s  poi n t ,  i t  would be necessary to separate the 

leed�crew assembly at a control led location down inside 

the t.ead .  The access L:; l imi ted by the 2. 765" i nside 

d i ameter of the CRDM nozzle and the 1-1/2" outside 

d i ameter of the remaining leadscrew. Numerous leadscrew 

assembly separation options were investigated and are 

l i s ted below:  

1 .  Torch cut - g as 
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2 .  Electric ARC cut , Electron Di scharge Machining 

3. Mechani cal ly cut - cutt ing tools ,  hydraul ic shear 

4. Chemically cut - acid, etc .  

5. Chemically machine 

6 .  Hydrogen embri t tlement 

7 .  Thermal Shock 

8 .  Free ze - nil  duct i l i ty 

9 .  Heat soften 

10 . Twist apart 

1 1 .  Pul l  apart 

As shown in Figure 2 . 3-1 , the leadscrew assembly 

consi sts of four sections connected at three locations 

by pai rs of stainless steel pi ns held in place by 

sleeves . The relative material strengths of the 

components are l i s ted in Table 2 .  3-9 . ��ased on the 

geometric and structural considerations all but two o f  

the eleven options invest i gated were discarded as 

impracti cal . The fol lowing correspond ing l i st briefly 

summari zes the reasons for rejection: 

1 .  Geometric constra ints l imit the s i ze of the torch 

and stainless steel does not burn, it requi res 

f l ux or powder injection. 

! 
' l 

f 
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2. Power level s requi red co upled with geometri� 

constra ints of tool ing make impracti ca l . 

3. Geometric constrai nts on tool ing and the diff iculty 

in accurately controll ing the feed speed . 

4 .  Would take too long. rime needed i s  estimated to 

be one month . 

5. It is impract i cal to es tabl ish anodic-cathod ic 

react ion si nce all  metal structures in the reactor 

vessel and the reactor vessel itse l f  are electri­

ca l ly connected to the lead screw . 

6. Hard to mai ntain hydrogen envi ronment ,  explosive , too slow, 

unre liable resul ts .  

7 .  Would at best make br i ttle , sti l l  need impact to 

break , hard to apply. 

8. Essent ially no ni l duct i l i ty temperature . 

9 .  Conceivably could heat to reduce stresa flow , 

however , problems in heating the leadscrew inside 

the reactor vessel make this impracti ca l .  

The last two options , numbers 10 and 11, were investi­

gated further and the resul ts of several calculations 

performed appear in Tabl e  2. 3-10. The SOOft-l b s  of 

to·rque necessary to shear the pins would not be hard to 

generate , however , d ue to the uncertai n  cond i tion of the 
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spider and brazement it  was considered not poss s i bl e  to 

pred ict where breakage would occur .  

The be s t  method for obta i ning a controlled separat ion 

would be shearing the connecti ng pins by pul l ing the 

leadscrew assembly apart .  The magni tude of the force 

necessary would be approx i mately six  tons . In order to 

insure tha t  the control rods are not pu lled out of the 

fuel assembly , a thick wal led pipe would be s l i pped down 

around the leadscrew to the hub of the spider assembly 

as a hold down whi le a jacki ng force was appl ied . A 

block cl amp would be placed on top of the leadscrew to 

transmi t force to the leadscrew. Separation of th� 

leadscrew assembly upon the ,pp l i cation of force would 

take place at e i ther one of the remai n i ng two pinned 

connections or at the conceptual des ig.; of the push/pull 

tool as show� i n  Figure 2. 3-11. 

Once an ini tial CRDM penetration has been completed using 

the preceed i ng methods then subsequent leadscrews whi ch 

fai l  to uncouple could be cut in the head usi ng remote 

tool i n g .  A saw type or hydrau l i c  shear cutter cou ld be 

lowered through an open nozzle and used to cut adjacent 

lead screws below the leadscrew support. 

� � • 
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Tool ing would have to be des igned which would fi t 

through a CRDM nozzle and reach over to an adjacent 

lead screw located approx imately 1 2 "  away . Thi s  would 

repl ace the hydraul ic jack method of separation and 

probably red uce separation time and man-rem exposure . 

A conceptual design of th is i n-head l eadscrew cutter i s  

shown in Figure 2 . 3-1 2 .  

The cut t i ng of a special  hole in the reactor vessel 

head,  e i ther by enlarg ing the ex i s ti ng thermocouple hole 

or making a separate penetrat i on was eval uatad . 

The reactor vessel head is made o f  7" thick carbon s teel 

clad with 0 . 1 25 "  minimum 3/1 6 " nominal stai nless stee l . The 

e x i s ti ng thermocouple penetration i s  a 0 . 614" d iameter hole 

dri l led ver t i cally through the head . 

The enlarged hole  would fol low the ex isting vertical 

path . The new penetration would be made rad ially in order 

to reduce s tress concentrations . The necessary s i ze of 

each penetration would depend on the exact locat ions of the 

holes and would be on the order o f  2 to 4 i nches in  

d i ameter . Tool i ng would cons i s t  of bori ng equ ipment 

mounted on a templa t e .  The template would be bol ted to the 
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head us ing dri l led and tapped holes. In the case of the 

new penetration , a pi lot hole would fi rst be made using a 

magentic base dri l l . In both instances , the hole would be 

cut using progressi vely larger boring bars . The cutting 

of the hole would present ro real  problem in itsel f other 

than being a time consuming process . However , the 

subsequent repai r  of such a hole would present problems in 

three major areas: 

1 .  Stress re l i e f  around hol e 

2 .  Protection of exposed carbon steel surfaces 

3. Structural  integri ty of pressure vessel fol lowing 

repa i r .  

Inves tigation into these problem areas has res u l ted in 

the opinion that al though such a penetrat ion could 

conce i vably be made and repai red it would be done onl y  

as a l a s t  resort and would b e  further eval uated a t  that 

time .  Al ternate access routes other than ex isting CRDMs 

and thermocouples are considered i mpract i cal at this 

time .  
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Purpose 

Remove PI 

Remove Stator 

Cut through service 
structure 

Cut throug h motor 
tube and leadscrew 

Pull apar t leadscrew 
assembly 

Remove C RDM ho.'.ddow n 
bolts 

Remove T/C flange 
holddown bolts 

Cut adjacent leadscrew 
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Table 2.3-3 

TOOLING SUMMARY 

Notes 

Hose type clamp and stua 
and nut engagement 

Lift and Remove 

3/4" thick carbon steel 
not stress relieved 

Motor tube - app. 1/2" 
thick stainless steel 
Leadscrew - 1 1/2" dia. 
th readed shaft, 17-4 Ph 
H-1100 condition 

Shear two 0.3125" dia. SS pins/pull coupling out 
of spider 

1" bol ts ( 8) 

3/4" bolts (4) 

Reach through CRDM nozzle and cut adjacent lead­
screw in the head 

Tooling Considered 

Pry bars, long handled 
cutters, lifters 

u-shaped hook to lift 
at bottom 

Cutting torch, abra­
sive disc recipro­
cating hacksaw 

1. Reciprocating 
hacksaw 

2. Power handsaw 
3. Abrasive disc 

Hydraulic hollow -
cylinder jack, long 
thick walled pipe. 
Glycerogen to be used 
as hydrolic fluid. 

1. Heavy duty socket 
wrench with lever 
arm 

2. Saw 
3. Double offset 

wrench 

Same as 1 & 2 above 

Saw type cutter, 
Hydraulic 
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Source: MaTk's Handbook 

Material Ultimate (PSI) 

304 An nealed 85,000 

410 An nealed 75,000 

17-4 PH H-1100 140,000 

Best Estimate Of Cu rrent Properties: 

Yield (PSI) 

35,000 

40, 000 

115,000 

No Significant Change Due To Transient 

Figure 2.3-9 Relative Strengths 
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Torq ue To Shear Pi ns  500 Ft-Lbs 

Lifti ng Force To Shea r  Pi ns 1 1 ,500 Lbs 

Torq u e  To Shea r Off Teeth On 
Cou p l i ng > 3,000 Ft-Lbs 

Torq u e  To Twist Off Shaft 
{304 An nea led ) > 1 , 900 Ft-Lbs 

Assu m i n g  N o  Significa nt Cha nge I n  
M eta l u rgica l Properties Due To Tra n sient 

Figu re 2.3-10 Forces Necessary 
To Separate Leadscre\'V 



LEADSCREW ASS ' Y  

HOLLOW .PLUNGER 

TUBING 
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HOSE 

HYDRAlA..IC HAND 
PlW 

C�TROL ROO f.ECHANISM 

HOUSING 

PIN IN LEAOSCREW 

C�ECTI� 

PIN IN LEAOSCREW 

CCN£CTION 

Figure 2 .3-11 LEADSCREW PULLER/SEPARATOR 



TOP UF SERVICE 

STRUCTURE 

RV HEAD 

LEADSCREW --­
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CONTROL ROD GUIDE 
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Figure 2 . 3-12 IN HEAD LEADSCREW CUTTER 

CUT-OFF TOOL 
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2 . 4 Inspection Technique 

The obj ective of thi s  inspection is to obtain a 

geometrical representation of the reactor i nternals down 

to and incl ud ing the top of several fuel assembl ies . 

The cri teria used in eval uating d i fferent i nspection 

techniques are d i vided into three areas : Res u l ts , 

Physi cal l im i tations , and Envi ronment .  

Under res u l ts ,  the fol lowing characteristics were 

considered ; 

I .  Resol ution - the system must have suffici�nt 
resol ution to accurately repres�nt complex 

shapes of any damage or unusual find ings � 

2 .  References - the inspection system must be pos i tion 

referenced , ei ther through a posi t i ve posi t ion 

control system or have a " field of v iew" 

sufficiently large so that enough points of 

reference are i ncl uded to define the location . 

3 .  Recordable Output - the inspection results must be 

accurately recorded e i ther by a hard copy output, 

photographs,  or video tapes . 

Under phy s i cal s l ze l imi tations, the following 

characte ri s t i cs were cons idered : 
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1 .  The inspection probe must  operate at a minimum of 40 

feet from the control uni t .  

2 .  The inspection probe must  be capable of pass ing through 

a 2 . 7 6 5 "  d iameter opening . 

3. The ri g id length of the probe should be minimi zed to 

faci l i tate ease of entry via a compl ex entry path . 

Under environment , the fol lowing cond i tions were 

considered : 

1 .  Max imum underwater depth of 40 ' 

2 .  Max i mum water temperature 1 5 0°F 

3. Rad iat ion level s up to 1 000 R/hr .  

4. No l ight 

5 e  Possi bl e  opaque water 

Two types of systems were cons idered in meet ing the 

above cri teria ,  video and ul trasonics . An example o f  

ul trason i c  system was conceptual i zed after researchi ng 

the present ul trasonic market and determining that no 

current system was a �ai l able whi ch could meet the 

inspection cri ter i a .  Thi s  system would i ncl ude a 

foldable transducer array, control uni t ,  and a computer 

for processing the returni ng i nformation and provid i ng 
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an outpu t to a graph ic display or hard copy uni t . The 

ul trasonic system wou ld requi re pos i t i ve c '.rray 

pos i t ioni ng. Th i s  pos i t i ve pos i t i oning of the array 

would be requi red s i nce ul trasonic transducers can 

transmit and sense at on ly one po: nt at any part icular 

time . To bui ld an image,  the transd ucer array must be 

moved in a control led path to trace out a line of da ta. 

Th i s  control led path can be designed such that an 

orderly scan of the des i red obj ect is traced out. In 

the conceptual sys tem outl ined prev i ous ly, the control 

system would have to pos i t i on and unfold the probe , then 

be abl e  to move the transd ucer array accurately enough 

to obtain a fi ne resolution scan. The control sys tem 

wh ich wou ld accompl i sh th is would be complex and would 

have to be developed along with the overa ll ultrason i c  

system. The image i s  constructed b y  sound ref lected from 

perpend i cular surfaces only. The image would be 

topographic and would not show shadow effects or sur face 

apprearance . A fini te peri od of time would be requ i red 

for thi s  imag ing process.  The principal advantage of the 

u l trason i c  system would be its abi l i ty to operate in an 

opaque l iqui d .  

Three v ideo systems were compared and the res u l ts of 

thi s  compari son are shown i n  Table 2 .4-1. The video 
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systems were al l capable of mee ting the cr i teria 

establ i shed for the inspection sys tem with the except ion 

of operat ion in opaque water . As a contingency in the 

event of a murky water s i tuat ion,  some conceptual 

designs of murky water viewing sytems were tested. 

These designs were tested on an actual underwater camera 

( the Westinghouse ETV 1 250 } in a mixture of tap water 

and common soi l .  Vi s i bi l i ty was measured at about 2" . 

The first idea tested was the use of a fresh water jet 

i ntended to prov ide a constant fl ushing in front of the 

camera with a clear water viewing pl ume . As tested , the 

fl ush ing action sucked debris  into the pl ume and the 

turbulence in the water caused the effecti veness of the 

camera l ights to be reduced . The end result of using the 

pl ume was decreased not increased viewing capabi l i ty .  

The second concept tested employed bright l ights near 

the camera . Thi s  method was unsuccessful because the 

l ight reflected off of the suspended particles creat ing 

glare . 

The th i rd and �nl y  successful design tried was an 

inflatable bag .  I n  this system, a clear plastic bag i s  

s l ipped over the front of the camera and inflated with a 

constant supply of fresh water to provide a v iewing 
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space of cl ear water between the camera lens and the 

obj ect vi ewed . Vent holes are placed around the bag for 

d i s charge of the cl ear water .  The bag tes ted prov ided 

clear viewing as long as the bag was in contact w i th the 

v i ewing su rface . A conceptual sketch of the inflat ing 

bag sys tem i s  shown in Figure 2 . 4- 2 .  

Demons tra tions of the Westi nghouse ETV-1 250 and the 

Di amond ST- 6  were cond ucted at B&W i n  Lynchburg . The 

Wes ti nghouse system proved to be the better system 

during the demonstrat ions . The i ntegral l ight ing system 

was j udged superior in both ri ght angle and strai ght 

ahead viewing . The Westinghouse system also has a 

bet ter arrangement for changing viewing accessories , 

( threaded connections versus set screws ) .  The Diamond 

camera has a hi gher resol ution speci ficat ion , 800  vs 550 

l i nes for the Westinghouse : however,  the Westinghouse 

prod uced a much clearer pi cture during the demonstrations . 

Unl ike the Westinghouse system, the right angle v iewing 

attachments for the Diamond system have not yet been fully 

developed and tested . 

Other d i fferences between those cameras were minor . The 

FERNSEH System was el iminated early in the sel ection 
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process because of larger camera si ze , larger si ze of 
the forward vi ewing at tachment , and d i scontinu i t i es in 
the su rface of the right angle viewing attachment wh i ch 
would cause the camera to hang up . 

No system cons idered would ha ve su ffi cient lighting 
integral wi th the camera . Aux i l i ary l ighting wi ll be 
necessary for general area coverage . These lights can 
be fabri ca ted from ex i s t ing components to meet the 
access and environmental requ i rements of the inspection 
process . 



Di a X l e ng t h  ( w i th 
connector ) 
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Au toma ti c Light 
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Str a i ght Ahead 
L i ghting Power 
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L i g ht i ng Power 

Newv i con Tube 
Available 
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Temperature Range 
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Table 2 . 4- l  

CAMERA SPEC I F I CATION TABLE 

Di amond ST-6 

1 -1/8 X 14 . 5 "  

800 l i nes 

10 shades 

l / 2" to 

Yes 

Yes 

< 2 0  wa tts 

20 wa tts 

Epicon 

5 X 10
6 

R/h � 

1 6mm 

Right angle viewing 
attachments not 
develQped and 
testecr 

Fer sneh R-93 TM 

1 -19/32 X 11-5/6" 
w i thout conne c tor 

55 0 l i nes 

10 shades 

13mm to 

Yes 

Remote I r i s  
Con trol 

15 0 watts 

15 0 wa tts 

Yes 

Unk nown 

1 . 6  X 1 0
8 

R 

- 25 • c  to + 6 o • c  

l lmm 

Westi ng house 

ETV 1 250 

1-1/4 X 1 3 -
2/5" 

55 0 l i nes 

10 s hades 

1" to 

Yes 

Yes 

40 watt 
integral 

150 watt 

Yes 

2 X 1 0
6 

R/hr 

1 0
8 

R 

+6o • c  

1 6mm 

Camera system 
and all 
attachments 
firs t  

marketed 
May 1977 
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GUIDE 

RING 
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TO CAMERA CONTROL UNIT 

r- TO FRESH WATER SLPPLY 

FLEXIBLE 

TUBING 

CAMERA 

VIEWIN; liGHTS 

VENT Klt.ES ---......_ 

CLEAR 
PLASTIC BAG . .  

i 
lOWERING KJOE 

I 

VIEWING talE 

F1gure 2 .  4-2 OONCEPT FOR M.R<Y WATER VIEWING 

CONSTANT 

SlFPL. Y OF FRESH 
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2 . 5  Manipulators 

Manipulators must  be designed to mane uver three types of 

dev i ces wi thin the reactor vessel during i nspection 

operat ions : 

1 .  Cameras - Man ipulator must  be able to move a camera 

to four desi red points of observat ion : 

a .  Tops of periphera l fuel assembl ies . 

o To reach this area camera must travel from 

point of entry ,  around the edge of the plenum 

cover then down along the inside of the 

plenum cylinder to a point directly above the 

per ipheral fuel assembl i es .  

b .  The area be tween the core support shield ing and 

the plenum. 

o The camera mus t  travel from point of entry to 

the gap between the core support shield and 

the plenum , then down into thi s  gap as far as 

possible . 

c .  The interior of the control rod bra zements . 

o The camera wi ll be lowered straight down from 

the control rod dri ve mechani sm nozz le into 

the g uide tube brazements . 

d .  The area on top of the plenum cover . 
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o The camera wi l l  be swept over the plenum in 

the ava i lable open area below the en try 

point . 

2 .  Aux i l iary Light i ng - Man i pulator must be able to 

pos i tion the aux i l i ary l ight i ng in the upper head 

reg ion for general i l l uminat ion . It must be al so 

capable of pos i t ioning aux i l i ary l ighting down 

ins ide the plenum cyl i nder to a poi nt above the fuel 

assembl ies and down between the plenum cyl i nder and 

core support sh ield . 

3. Sampl ing Equ ipment ( Optiona l ) - Th i s  manipu lator must  

carry the swipe system over a section of  the plenum 

cover to col lect swipe samples of the plenum cover . 

In add i t ion to maneuvering i ts part icular devi ce to a 

desi red location , each manipulator must al so :  

1 .  Be able to f i t  through the ava i l able penetration i n  

the closure head . 

2. Not encounter interference from ex isting structu res 

within the closure head . 

3 .  Allow the connecting cable for the device to feed 

freely for both entry and ex i t  operations . 

4 .  Operate rel i ably .  
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5 .  Al low manipulator con trol from outside of 

pene trat ion in vessel head . 

6 .  Al low coordination wi th vi sua l observat ion equipment for 

placemen t ,  sample ga ther ing ,  e t c .  

7 .  Be sa lvagable i f  camera or l i gh t i ng gets stuck beyond 

remova l .  

The fol lowing opt i ons were con s i dered for manipu lators : 

1 .  A hinged arm shown in Figure 2 . 5 -1 .  

2 .  A hi nged tube shown in Figure 2 . 5- 2 .  

3 .  A h i nged tube wi th prov i s ion for housing the camera 

shown in Fig ure 2 . 5- 3 .  

In each case , the lower arm of the man ipulator i s  ra i sed 

and lowered by a deployment cabl e .  The camera or l ight 

would be lowered through the man ipu la tor by handl ing its 

e l ectr i cal  cables.  

Based on the es tabl i shed cr i teria and an eval uation of 

the advantages and d i sadvantages of each type 

mani pulator , a conceptual des i gn was chosen for each 

operation.  

Camera - A hi nged tube with a camera recess , whi ch 

a l l ows a max imum l eng th of the lower man i pulator arm , 

was chosen . Thi s  longer lower arm al lows the greatest 

l ateral movement and g ives a l arger angle for a g iven 
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offse t .  T.h i s  larger angle red uces cable drag and al lows 

a more control led playout of the camera cable .  

A method for canting the camera at a sl ight angle 

( 0- 3 0 • ) in a g i ven d i rect ion is requ i red . By use of a 

draw cabl e at. tached to the camera head and by rotat ion 

of the camera cable ,  this  man ipulation could be 

ach ieved . A conceptual des ign is shown in Figure 2 . 5- 4 . 

Speci fic  designs wi ll requ i r� extensive mock-up 

tes ti ng . 

Aux i l iary Lighti .'!i - A hi nged tube with or wi thout the 

recess capabi l i t�· ( Fi gure 2 .5-5 ) would be used for the 

aux i l iary l i ghting . A tube was chosen over a closed 

hi nged arm because by enclosi ng the electri cal cable in 

a tube , there is a reduced ri sk of fouling in the 

manipulators . 

Debris  Sampl ing/Swipt� Sampl ing (Optional ) - For thi s  

operation, a hinged t u be  wi th an add i tional wei ghted arm 

connected at the bottc•m of the lower arm would be used 

( Fi gure 2 .5-6 ) . This  urrangement wi ll al low movement over 

the plenum cover in the vicini ty of the CRDM nozzle 

( approximatel y  2 s• rad i lilS ) .  The weighted arm whi ch wi l l  

hang vertically, wil l  al low controlled posit ioni ng 

l 
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of the swipe sampler over des i red areas of the plenum 

cove r.  
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DEPLOYMENT 

CABLE 
SLPPORT 
CABLE 

PULLEYS 

PAYLOAD 

Figure 2.5-l SIWLE HINGED 

ARM MANIFtLA TOR 

DEPLOYtENT 
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. , CABLE r I I I 
, •  I 
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r l I , , 

I I I r 
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• I  I 

I I I I I r 
, ,  

PlllEY 

RCLLER 

PAYLOAD 

Figure 2 . 5- 2 HINGED TUBE 
MANIPlJ..ATOR 
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�-+--� DEPLOYtENT 

CABLE 

CAMERA 

Figure 2. 5-3 HINGED TUBE WITH RECESS FOR CAMERA WITHDRAWAL 
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GRIP RING FOR TURNING 
z <=:!VICE SII'PORT STRUCTURE 

51tP RING 

CROM TUBE 

CAMERA 

Figure 2.5-4 OPTION USING CRDM TUBE FROM SSS 



AUXILIARY LIGHT 
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DEPLOYMENT CABLE 

GRIP RING FOR TURNING 

1, � 
� SERVICE SlPPORT 

STRUCTURE 

STCP RING 

CRDM TUBE 

OR THEIMlCXllPLE NlZZL.E 

RCLLERS 

AUXILIARY LIGHT 

1 1 \ \  

F1gure 2 .  5-5 HINGED TUBE �ANIPLl.ATOR FOR AUX!tiARY LIGHTS 
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SWIPE HANDLE 

STOP RING 

SWIPE MATERIAL ---..... 

F:tGURE 2 .  5-6 MANIPLLATOR FOR SWIPE SAWLING 
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2 . 6  Swipe Sampl ing ( Opt ional ) 

Once acce ss is ob ta i ned into the reactor vessel head , 

special sampl ing equ ipment could be used to col lect sw ipe 

samples of part  of the plenum cover in the vi cinity  of the 

acces s .  Col lection of pa rt iculate material cou ld be 

achi eved th rough use of a swipe system conceptua l l y  shown 

in Figure 2 . 6 -1 . Analysis of th is would be e x t remely 

bene f i cial in further eval uat ion the consequences of the 

incident . 

2 . 7 TLD Sampl i ng ( Opt ional ) 

Measurement of rad iat ion leve l s  at speci f ic  hei ghts 

above the upper g rid could be ach ieved by lowering a TLD 

" tree " ver t ica l l y  down through a cont rol rod guide 

bra zement to designated pos i t ions for calculated stay 

t i me .  A map of rad iat ion level s inside the upper 

vessel cou ld then be deve loped and used to benchmark 

other ana l ysis  per formed and underway . 

2. 8 Water Level Moni toring ( Optional ) 

A pri mary wate r  level ind i cator system should be 

e st abl i shed through a vent valve thermocouple nozzle . 

Thi s  system, i f  oonti nously mon i tored , would serve as a 
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back-up for ex ist ing systems th us assuring ea rly warn ing of 

any wa ter level changes . 

2 . 9 Mock-ups 

Mock-ups wi l l  be requi red for checkout and tes ti ng of 
the special tool ing and proced ures deve loped i n  Phase 
I I . These mock-ups wi l l  also be necessary for tra in ing 
of personnel in  the use of the tool ing and procedures . 
The Di amond Power Speci l i ty Co . ( DPSC ) has been 
selected as the primary s i te for bui ld ing a mock-up of 
the reactor vessel and CRDM arrangement .  The DPSC has a 
test faci l i ty whi ch incl udes several full scale CRDM ' s  
used for operat iona l test i ng .  Other smaller mock-ups 
wi l l  al so be requi red to test speci f i c  tool s .  
Conceptual des i gns of these mock-ups are shown in 
Figure s  2 . 9 -1 , 2 . 9- 2 ,  and 2 . 9- 3 .  
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( SIMILAR TO A 

SPEEDOtETER CABLE ) 

SWIPE TAKING 

MATERIAL 

STIFF WIRE 

{PEN E N D 

Figure 2 . 6-l SWIPE SAMPLER 
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TO TEST NORMAL & �INGENCY TOOLING
1

MANIPULATORS
1 

CAMERAS AND LIGHTING DEBRIS SAtoPLING TOOLS 

CfD4 
C EPSC ) 

CFDt �ZZlE 

F1.gure 2 . 9-1 TEST FACILITY MJO<-lP 

" � ·- -�., • .,._._....._,....-_.,c,.;.. 

�,, 
1 
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Figure 2 . 9-2 MOTOR TIJBEILEADSCREW CUTTING MOCKUP 

�TOR TUBE 
SPECIMEN 

BUSHING 
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REPLACEAB-E PINS 

F1gure 2 . 9-3 LEADSCREW MOCK-UP 



APPENDI X  I 

OUTLINE OF NORMAL CRDM REMOVAL 

1 .  Loosen se i sm i c  cl amp . 

2 .  Us i ng the pos i t i on ind i cator ( P I ) ad j us tment tool , Figure 

1 - 1 ,  unth read the P. I .  ( Fi g ure 2 . 3 - 2 ) . 

3 .  Remove the se i smic  cl amp . 

4 .  Us i ng the P . I .  l i f t i ng tool , Figure 1 - 2  remove the P . I .  

5 . Us ing the stator instal l a t i on/removal tool , Figure 1 - 3 ,  

remove the sta tor and water jackets . 

6 .  Remove the CRDM vent pl ug and by us i ng the vent i ng tool , 

Fi gure 1 - 4 , ven t the dr i ve .  

7 . Remove the CRDM top closure . 

8 .  Use the 0 r i ng remova l tool F i g ure I - 5 , to remove the 

d r ive.  

9 .  Uncouple and park the leadscrew usi ng ei ther the 

leadscrew instal lation/removal tool , Figure I-6, or the 

al ternate uncoupl ing tool , Figure I-7 .  

1 0 .  Remove the lead screw from the drive using the leadscrew 

l i ft i ng tool , Figure I-8 .  

1 1 .  Unbol t the CRDM using the holddown bol t 

{nstallat ion/removal tool F igure I -9 . 

1 2. Remove . the CRDM using the CRDM l i f ing tool Figure I-1 0 . 

- 68 -
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�--�31 rr----n 

POSITION INDICATOR 
TOP CAP 

I I : I t. 1 /vPOSfTION INDICATOR BASE 0 - -
{BOT TOM PLUG) I 

I 

.. ,._"" - - = - - � - -� POSIT ION INDICATOR - - - - - _____1J- At'JUSTMENT GEAR 

APPROXIMATE TOTAL LENGTH 196 " 

FIGUi.: E 1 7 1 P.l .  ADJUSTMENT TOOL, 706508- 1049 
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FIGUR E 1�2 P. l. LIFTING TOOL. 703724-1 143 
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THREAD E NGAGES WITH 
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LIFT Rlf'J� 

APPROX. TOTAL LENGT H 19011 

SLOT 

FIGURE I - 3  STATOR INSTALLATION/R EMOVAL TOOL, 706544- 1 052 
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/ K N U RLED LOCKING / SCRE W 

.

/VENT CAP 

PUSH DOWN TO HARD­
STOP. R OTATE CLOC K ­
W I S E  T O  H A R D STOP 
E NGAG I N G  TOOL S T E M  
W I T H  T H E  VENT VA LVE. 

VENT HOUS I N G  

�------------- CLOSURE INSERT 
A S S E M B LY 

r------ - CRD VE NT VALVE 

DISENGAGED POSITION 

FIGUR E I - 4  VENTING 1 '..''0!-, 70754 1 - 1 046 
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FI GUR E I - 5 0-RING N EMOVAL TOOL, 709007- 1 049 

LOCATING / PLATE 

INDEX 
PIN 

PROTECTIVE 

SLEEVING 

IN STALLED 
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H OIST RING 

HOIST RING 

sun 

UNCOUPLED S LOT 

U P  POS I T I O N  OF H A N D L E � ::_::_ _ _  0 

NUT IN ( S H IM )  
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ASSEMBLY 
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D AS S E M BLY �tPil Qf!t'-----_ ENGAGING BAL ... S 

APPROXIMATE TOTAL LEN GTH 201 112 II 

FIGUR E l - 6  LEADSCR EW I NSTALLATI ON/R EMOVAL TOOL, 7Q6564- 1 057 
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SHA F T  

I N DE X I NG 
SLl EVE 

PIN 

APPROXIMATE TOTAL LENGTH 29 11 

FIGURE l-7 ALTER NA'T'E U NCOU PLING TOOL, 706788- 1 057 
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P L U N G E R  

LOC K !NG 
LEVt:: k 

ENGAGING BALLS 

APPROXIMAT E  TOTAL LENGTH 2011 

FIGUR E !-8 LEADSCREW LIFT I NG TOOL, 706568- 1 053 
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FI GUR E l - 10 CRDM LI FTI NG TOOL, 703708- 1 1 50 
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